





















Creation of an Automatic music composer employing Markov chains
Takahiro KOMATSU
I introduce automatic music composition software using Markov chain. The automatic music 
composition  generates melody, chord and rhythm known as three elements of the music. In the 
software, the melody is decided by 3-gram analysis and double Markov chain , and the chord is 
decided in original algorithm. This algorithm is called the downbeat-dependence method in this paper. 
As a result, I succeeded in creating a music composition that has characteristics very similar to the 
original. Furthermore, the type of chord in automatically-formed musical composition has been found 
to be greater than the number of the original music.














































































ń Ρ η Ε ΠΣ΃ȇ˰
ŅŮ τ έ͹ ρ ΍ήΡη΢ϋΠȇ˯
ņŮ η Ε Ώ ΠΣ΃ȇ˰
Ň έ͹ ρ Ρ ΍ήΡη΢ϋΠȇ˯
ň Ε Ώ τ Ρη΢ϋΠȇˠ
łŮ ρ Ρ η ΠΣ΃ȇ˰




















































































ˍ ˎ ˏ ː ˑ ˒
ஜ฼ ࢃ฼ ஜ฼ ࢃ฼ ஜ฼ ࢃ฼ ஜ฼ ࢃ฼ ஜ฼ ࢃ฼ ஜ฼ ࢃ฼
ࡔȁެ
გإྴ ń Ň ń ň ń ň ń ń ň ń ň
࿨ڬ ŕ Ŕ ŕ Ņ ŕ Ņ ŕ ŕ Ņ ŕ Ņ
ޑฏջం༹
გإྴ ń łŮ ň łŮ ņŮ ŅŮ ń ň ņŮ ŅŮ
࿨ڬ ŕ ŕ Ņ ŕ ŕ Ŕ ŕ Ņ ŕ Ŕ
઀୯๔࣢
˓ ˔ ˕ Ĳı ĲĲ Ĳĳ
ஜ฼ ࢃ฼ ஜ฼ ࢃ฼ ஜ฼ ࢃ฼ ஜ฼ ࢃ฼ ஜ฼ ࢃ฼ ஜ฼ ࢃ฼
ࡔȁެ
გإྴ ń ň ń ň ń Ň ń ň ń Ň ń
࿨ڬ ŕ Ņ ŕ Ņ ŕ Ŕ ŕ Ņ ŕ Ŕ ŕ
ޑฏջం༹
გإྴ ň ņŮ ŅŮ ń łŮ ň łŮ ņŮ ŅŮ ń
࿨ڬ Ņ ŕ Ŕ ŕ ŕ Ņ ŕ ŕ Ŕ ŕ
଎˒ȁࡔެ͂ু൲ैެ̯̹ͦެ͈ ĴȽŨųŢŮٜଢ଼ࠫض͂੄࡛ၚ
ĺĶ
̱̩൲ै̱̞̹̹̜̀͛́ͥȅոષ͈ࠫضͤ͢Ȅࡔެ͈අ
ಭͬນ࡛̱̹ڢެ̦ै଼̯̞̭̦ͦ̀ͥ͂໦̥̹̽ȅ
உၙ͈ষͅგإͬ୆଼̳ͥȅგإ͈୆଼༹༷͉ͅ΃Οϋ
Μ͹༹͈௱ͬ৾ͤව̹ͦޑฏջం༹ͬဥ̞ͥȅგإ̞͂̽
̀͜ಿ಺Ȇౣ಺͈̈́̓ਅ႒̽̀͢ͅ։̹̈́ͥ͛Ḙ̭͉̏́
ນˍ́୰ྶ̱̹Χಿ಺͈გإͬ႕ͅ୆଼༹༷ͬ୰ྶ̳ͥȅ
̴͘Ȅڢެ͈֚઀୯̦ȶΡΡτηηΕȷ̞̹͂̽إ́ࢹ଼
̯̤ͦ̀ͤȄஜ฼઀୯͈ޑฏ̦ȶΡȷȄ৻ฏ̦ȶΡȷȄࢃ฼
઀୯͈ಎޑฏ̦ȶηȷȄ৻ฏ̦ȶΕȷ̳͂ͥȅޑฏջం༹
͉́Ȅ̴͘ޑฏ͂ಎޑฏ͈إͅܖ̷̞̿̀ͦͣˎ͈̾إͬ
ࢹ଼إͅ঵̾გإྴȶńȷ̱̩͉͜ȶłŮȷ̷̦͈઀୯͈
გإ͈࢓༞͂̈́ͥȅ̱͜ࡉ̥̞̾ͣ̈́ાࣣȪ႕̢͊ޑฏ̦
ȶέ͹ȷ́ಎޑฏ̦ȶηȷ̞̹͂̽ાࣣȫ͉Ȅ઀୯ͬ฼໦
̱̀ͅȄஜ฼઀୯͈ޑฏ͂৻ฏ͈ˎ͈̾إͬࢹ଼إͅ঵̾
გإ̦࢓༞͂̈́ͥȅ̷̯࡛̞ͣͦ́ͦ̈́͜ͅાࣣ͉ޑฏ͈
إͬआإͅ঵̾გإͬ࢓༞̳͂ͥȅࢃ฼઀୯͜൳အͅಎޑ
ฏ͂৻ฏͬࡓͅგإ͈࢓༞ͬݥ͛ͥḙ̭̏́Ȅ࢓༞̱̹͂
͈͉΃ΟϋΜ͹༹͈௱̽̀͢ͅȶΡη΢ϋΠȷ͈࿨ڬͬ঵
̾გإ̥ͣȶ΍ήΡη΢ϋΠȷ͈࿨ڬͬ঵̾გإ͒ૺ࣐́
̧̞̹̜̈́͛́ͤȄ֚̾ஜ͈ࠨ೰̯̹ͦგإ͈࿨ڬ̦ȶΡ
η΢ϋΠȷ͈শ͉ȶΠΣ΃ȷ͈࿨ڬͬ঵̾გإ͈͙̱̥஖
఼̧̞̠̳́̈́ͥ͢ͅȅ̹͘Ȅໝତ͈გإ̦஖఼خෝ̈́ા
ࣣ͉ͅ΃ΟϋΜ͹༹͈௱ͅ฽̱̞̈́ࡠͤȄޑฏ̦გإ͈आ
إ̞͈̦͂̈́̽̀ͥ͜஖఼̯̠ͦͥ̈́͢ͺσΌςΒθ͂
̳ͥȅै଼̱̹ίυΈρθ̦ୃ̱̩൲ै̱̞̥̀ͥږ෇̳
̹ͥ͛ͅȄგإ̦ࠨ೰̯̞ͦ̀ͥࡔެͬ଎ːͅা̳Ξ΅Α
Πࠁ৆͈ڢໄΟȜΗا̱Ȅ̷͈ΟȜΗͬࡓͅޑฏջం༹ͅ
̽̀͢ࠨ೰̯̹ͦგإ͂࿨ڬͬນˎͅা̳ȅນˎͅা̳͢
̠ͅȄޑฏջం༹́୆଼̯̹ͦგإ͈࿨ڬ͜ࡔެ͂൳̲͢
̠ͅ΃ΟϋΜ͹༹͈௱ͬ৿̹̽გإ͈ૺ࣐̞͂̈́̽̀ͥ
̭̦͂ږ෇̧́ͥȅ̹͘Ȅࡔެ͉́ˏਅ႒̜̹́̽გإ͉Ȅ
ޑฏջం༹̽̀͢ͅˑਅ႒͂̈́ͤȄإ͈໙͈ࢩ̦̦ͤఱ̧
̢̩̞̭̦̠̥̦̈́̽̀ͥ͂ͥȅ
ˏȆˏȁŎŊŅŊ ΟȜΗୋैήυΛ·
உၙ͞გإ୆଼ίυΈρθ̥ͣ੄ႁ̯̹ͦΟȜΗ͉Ξ
΅ΑΠΟȜΉ̜ͥḙ̏ͦͣͬإ̱͂̀੄ႁ̳̹ͥ͛ͅ
΂Ȝίϋρͼήρς̜́ͥȶŎŊŅŊŅŢŵŢ ρͼήρςȷͬဥ
̞̀୆଼̱̹ެ͈إྴ̤͍͢إເ͈ಿ̯ͬ໲ল߿͈ΟȜ
Η̥ͣȄŎŊŅŊ ΟȜΗ୆଼ͅຈါ̈́ାତ߿ΟȜΗͬॳ੄̱Ȅ
ŎŊŅŊ ΟȜΗͬै଼̱̹ḙ͈̏ŎŊŅŊ ΟȜΗͬŎŪŤųŰŴŰŧŵ
২ດ੔ΕέΠ;ͿͺȆΏϋΓ΍ͼΎȜȶŎŪŤųŰŴŰŧŵġňŔġ
ŘŢŷŦŵŢţŭŦġŔŘġŴźůŵũȷͬإ࡙̱͂̀ठ୆̳̭ͥ͂́إޣ
ܥܕ̥ͣإ̱͂̀੄ႁ̧̠̱̹́ͥ͢ͅȅ
ːȅ̤ͩͤͅ
ུࡄݪ͉́ȶఱ̧̈́ߪ͈࿐͈ئ́ȷ͂ȶ̧̧ͣͣିȷͬ
ဥ̞̀ڢໄͬ ĴȽŨųŢŮٜଢ଼̱Ȅˎਹζσ΋έႲङκΟσ
͂ޑฏջం༹͈ͺσΌςΒθ̽̀͢ͅু൲ैެ̳ͥίυ
Έρθͬै଼̱ȄŎŊŅŊ ΟȜΗࠁ৆͈إ࡙ͬै଼̳̭ͥ͂
଼̱̹ࢗͅȅ৘षͅठ୆̱͙̀ͥ͂ু൲ैެ̯̹ͦإ͉ࡔ
ެ͈අಭͬ๱ુ̩͢ͅठ̧࡛̞̹́̀ȅ
࡛हȄˍ͈̾ڢໄΟȜΗͬΞ΅ΑΠΟȜΗا̳͈ͥͅ਀
ैު࣐̞̹́̽̀ͥ͛๱ુͅশۼ̦̥̥̱̞̽̀̽̀͘
ͥȅ̹͘Ȅ૽ևഎ̈́ηΑ̦อ୆̳ͥخෝ଻̦̜ͥȅ̷͈̹
͛ࣽࢃ͈هఴ̱͉͂̀ȄڢໄΟȜΗْͬ௨ΟȜΗ̱͂̀৾
ࣺ͚̭ͤ͂̽̀͢ͅু൲എͅΞ΅ΑΠΟȜΗا̳ͥίυ
Έρθ͈ٳอ̦ຈါ̜́ͥȅ̹͘Ȅै଼̯̹ͦإ࡙̦ς
ρΛ·Α࢘ض̥̠̥̞͈ͬ̾̓̾̀͜ͅບث̦̯̞ͦ̀
̞̈́ȅུࡄݪ͈डਞഎ̈́࿒ດ͉ু໦͈ࢡ͙͈إڢ̥ͣͤ͢
ςρΛ·Α࢘ض̦̞ࣞإڢͬै଼̳̭̜ͥ͂ͥͅȅ࡛हဥ
̞̞̀ͥ ĴȽŨųŢŮٜଢ଼͞ˎਹζσέ΋έȄޑฏջం༹͂
̞̹̽ͺσΌςΒθ̦डഐ͈̥̠̥͉̈́̓ྚ౶̜́ͥȅ̱
̹̦̽̀ςρΛ·Α࢘ض͈৘બ༹༷͈ږၛ͂͂͜ͅȄͤ͢
ςρΛ·Α࢘ض̦̞ࣞু൲ैެͺσΌςΒθȪஉၙȄგإȄ
ၙ൲͈ࠨ೰༹༷ȫ̞̾̀͜ͅ಺औ̱̞̩̀ຈါ̦̜ͥȅ
৫ৃ
ུࡄݪ࣐̠̜̹ͬͤͅȄഐܽͺΡΨͼΑ̱̩̺̯ͬ̀̽
̹᩟നઌঙͅ૬̩ۜ৫̞̹̱̳͘ȅ̹͘Ȅ໹଼ ĳĶාഽ͈
ഩঊૂ༭ࢥڠش͈௾ު୆̜́ͥ୞നဎഴঙུ͈ࡄݪͅచ
̳࣓ͥࡃͅ૬̩ۜ৫̞̹̱̳͘ȅ
४ȁࣉȁ໲ȁࡃ
ˍȫ඾ུ֓঍ٛγȜθβȜΐȄȶΑΠτΑ̧̦̭̳֨ܳພܨȷȄ
ζσ΋έႲङͬဥ̞̹ু൲ैެܥ
ĺķ ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల ĵĺ࣢ȁĳıĲĶ
ũŵŵűĻİİŸŸŸįŮŦťįŰųįūűİŧŰųŦŴŵİŤũŦŤŬİıĵįũŵŮŭĿȄ
ȪĳıĲĶİıĺİıĳ ͺ·ΓΑȫ
ˎȫـႊંঊȄध࿐ဈংȄ५࢛ઍਏȄȶ඾ུဇြ͈̥ࣝͤ ŀ඾ུ
૽̹̳ͣ͜ͅ࢐ۜ૰ࠐڰ൲͈೉୓ैဥȷȄ඾ུ୆ၑ૽႒ڠٛ
ধࡄݪ༭࣬ȄŗŰŭįĲĴȄŏŰįĲȄűűĵĺĮĶķȄȪĳııĹȫ
ˏȫ௖෯ဢ໹ȄઐזഓဎȄபِ૾Ȅඤ५ં঎Ȅ໛ུ֚჊Ȅȶإڢ۪
ޏ͈֑̞ͥ͢ͅैު࢘ၚͅ۾̳ͥ૽ۼࢥڠഎܖயࡄݪȷȄഩ
ঊૂ༭೒૞ڠٛܿ੅ࡄݪ༭࣬ȇ૞ڠܿ༭ȄŗŰŭįĲıĶȄŏŰįĴıĵȄ
űűĵĴĮĵķȄȪĳııĶȫ
ːȫඤ൥ୃ౺Ȅȶإڢಶ৾ࢃ͈ۜૂ་ا̞͈̾̀ͅࡄݪȷĭ ඾ུఱڠ
ఱڠ֭௙ࣣ২ٛૂ༭ࡄݪشܮါȁŏŰįĸȄűűĵĵĲĮĵĶıȄȪĳııķȫ
ˑȫߧུ಑຃Ȅఊന࢖ঊȄȶ֣યͅܖ̩̿ڢެ࠿॑ Ļ ڢެ֣ય౵͈
ু൲ັဓȷȄૂ༭ੜၑڠٛࡄݪ༭࣬ȅΟȜΗαȜΑȆΏΑΞ
θࡄݪٛ༭࣬ȄŗŰŭįĵĲȄűűĹĺĮĺķȄȪĳııĳȫ
˒ȫ໌ಎ๼جঊȄؖ֔৩౺ঊȄ઀ࡔջঊȄ֔ષ࠲Ȅȶ૤ฏͬܖ੔
̱̹͂Ξϋε͈ςΒθಶ৾ͥ͢ͅ୆ၑ฽؊ͅ۾̳ͥࡄݪȷȄ
ႉ઄ޗ֗૤ၑڠࡄݪȄŗŰŭįĴĲȄŏŰįĲȄűűĵĴĮĶĶȄȪĳııĶȫ
